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Powder Paper* — Four basic type? of powder papers are 
available. 

L Vegetable pard*meot, a thm, semiopaque* naoiature-resiBtaat 
paper. 

2. Whi te bond, &ru>pao,ue pn per wthm>mcji*dsire-£-e3itftant pmpertws. 
3L Glassi»L\ a grazed, transparent, m»i«ture~r«5i<jtaTH paper. 
4. Waxed, a transparent waterproof paper. 

Hygroscopic and volatile drug3 can be protected best by using a 
waxed paper, double-wrapped with a bond paper to improve the 
appearance of the completed powder. Parchment and glassine 
-papers offer limited protection for these drugs. 

A variety of sizes of powder papers are available. The selec- 
tion of the proper size depends on the bulk of each dose and the 
ttimenstons of the powder box required to hold the number of 
doses prescribed. 

Powder Boxes — Various types of boxes are supplied in sev- 
eral sizes for dispensing divided powders. The h in ged-shoulder 
box shown in Figure 37 -23 F is the most popular, these have the 
advantage of preventing the switching of Uds with the direc- 
tions for use when several boxes of the same size are in the 
same home. The prescription label may be pasted directly on 
top of the lid or inside the lid. In the latter case, the name of the 
pharmacy is lithographed on top of the lid. 



SPECIAL PROBLEMS 

The Incorporation of volatile substances, eutectic mixtures, liq- 
uids, and hygroscopic or deliquescent substances into powders 
presents problems that require special treatment. 

VOLATILE SUBSTANCES 

The loss of camphor, menthol t and essential oils by volatiliza- 
tion when incorporated into powders may be prevented or re- 
tarded by use of heat-sealed plastic bags or by double wrapping 
with a waxed or glassine paper inside of a bond paper 

EUTECTIC MIXTURES 

Liquids result from the combination of phenols camphor, men- 
thol, thymol, antipyrine, phenaeetin, acetanilitt aspirin, saloL 
and related compounds at ordinary temperatures. These so- 
called eutectic mixtures may be incorporated into powders by 
addition of an inert diluent. Magnesium carbonate or light 
magnesium oxide are commonly used , effective diluents for this 
purpose, although kaolin, starch, bentonite. and other ab- 
sorbents have been recommended. Silicic acid prevents eutexia 
with aspirin, phenyl salicylate, and other troublesome com- 
pounds; incorporation of about 2t¥fr silicic acid (particle size, 50 
ytm) prevented liquefaction even under the compression pres- 
sures required to form tablets. 

In handling this problem, each eutectic compound should be 
mixed first with a portion of the diluent and gently blended to- 
gether, preferably with a spatula on a sheet of paper. Generally, 
an amount of diluent equal to the eutectic compounds is suffi- 
cient to prevent liquefaction for about 2 weeks. Deliberate forc- 
ing of the formation of the liquid state, by direct trituration, fol- 
lowed by absorption of the moist mass, also will overcame this 
problem This technique requires use of more diluent than pre- 
viously mentioned methods but offers the advantage of ex- 
tended product stability. Thus, the technique is useful for dis- 
pensing a large number of doses that normally would not be 
consumed over a period of 1 or 2 weeks. 

LIQUIDS 

In small amounts, liquids may be incorporated into divided 
powders. Magnesium carbonate, starch, or lactose may be 
added to increase the absorbability of the powders if necessary. 
When the liquid is a solvent for a nonvolatile hea testable com- 



pound, it may be evaporated gently on a> water bath. Lactose 
may be added during the course of the evaporation to increase 
the rate of solvent loss by increasing the surface area. Some flu- 
idextracts and tinctures may be treated in this manner, al- 
though the use of an equivalent amount of a powdered extract 
when available, is a more desirable technique. 

HYGROSCOPIC AND DEUQUESCENT SUBSTANCES 

Substances that become moist because of affinity for moisture 
in the air may be prepared as divided powders by adding inert 
diluents. Double-wrapping is desirable for further protection. 
Extremely deliquescent compounds cannot be prepared satis- 
factorily as powders, 

BULK POWDERS 

Bulk powders may be classified as oral powders, dentifrices, 
douche powders, dusting powders, insufflations, and triturations. 

ORAL POWDERS 

Oral powders generally are supplied as finely divided powder* 
or effervescent granules. The finely divided powders are in- 
tended to be suspended or dissolved in water or mixed with soft 
foods such as applesauce prior to administration. Antacids and 
laxative powders frequently are ad mi metered in this form. 

Effervescent granules contain sodium bicarbonate and ei- 
ther citric acid, tartaric acid, or sodium biphosphate in addition 
to the active ingredients. On solution in water, carbon dioxide 
is released as a result of the add-4>ase reaction. The efferves- 
cence from the release of the carbon dioxide serves to mask the 
taste of salty or bitter medications. 

Granulation generally is accomplished* by producing a moist 
mass, forcing it through a coarse sieve and drying it in an oven. 
The moisture necessary Ibr massing the materials is obtained 
readily by heating them sufficiently to drive off the water of hy- 
dration from the uneffloresced citric acid. The completed prod- 
uct must be dispensed in tightly closed gtasa containers to pro- 
tect it against the humidity of the air. 

Effervescent powders may be prepared also by adding small 
amounts of water to the dry salts to obtain a workable mass. 
The mass is dried and ground to yieki the powder or granule. 
Care must be used in this procedure to ensure that the reaction 
that occurs hi the presence of water does not proceed too far be- 
fore it is stopped by the drying process. Should this happen, the 
effervescent properties of the product will be destroyed. 

Other preparative techniques have been reported for effer- 
vescent powders such as a ftuidized-bed procedure in which the 
powders are blended and then suspended in a stream of air in a 
Wurster chamber. Water is sprayed into the chamber, resulting 
in a slight reaction and an expansion of the particles to form 
granules ranging in size from 10- to 30-mesh. This approach ap- 
parently offers a number of advantages over the older tech- 
niques. The extent of reaction and particle size are controlled 
during the manufacture. A drying oven, trays, or even grinding 
devices are not required. Furthermore, the technique lends it- 
self to a continuous as well as a batch operation. 

The heat generated from the blending and mixing operation 
also has been used, to mass the powders by causing the release 
of the water of hydration from the citric acid. The massed ma- 
terials can be dried and sieved through a coarse sieve. This 
technique thus eliminates the need of an external heat source 
or a granulating solution. 

DENTIFRICES 

Dentifrices may be prepared in the form of a bulk powder, gen- 
erally containing a soap or detergent, mild abrasive, and an an- 
ticariogenic agent. 
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figure 45-1. Tablet press operators chewing batch record n confor- 
mance wr th Current Good Manufacturing Practtces (courtesy, titty). 



with the added advantage of a greatly reduced time period required for 
the coating operation- Advance* in material ^ence and polymer chem- 
istry has made the**e coating the nrat-choiee of form ulntors> 

Enteric ^Coated Tablets (ECT) — These arc compressed tablets 
coated with substancea that resist solution in gastric fluid but disinte- 
grate in the intestine- Enteric coatings can be used for tablets contain- 
m# drug *ubfltance3 that are inactivated or destroyed in the stomach, 
for those that irritate the mucosa, or aa a means of delayed release of tlie 
medication* 

Multiple Ctmpmsed Tablet** (MCT>— These are comp reused 
tablets made by more than one compression cycle This process ia best 
vised when separation of active mjrrediente a* needed for stability pur- 
poses, or if the mining process ia inadequate to guarantee oaifbrm dis- 
tribution of two or more acti ve ingredients 

Layered Tttft/ef-^Such tablets are prepared by compressing adc> 
tioiml tablet granulation on a previously compressed granulation. The 
operation may be repeated to produce mult layered lab Jet* of two or 
three, or more layers. Special tablet presses are requjred to make lay- 
ered tabled such an the Versa press f-St&ices f Pennwtth}. 

Pre&t-Coat&i Tttbtete Such tablets, afco referred to a* dry-cuated, 
are prepared by feeding previously compressed tablets mto a special 
labieting machine and compressing another granulation layer around 
the preformed tablets. They have all the advantages of compressed 
tablets tie, slotting, mono^amming, speed of dismtegratira^ while re- 
taining the attributes of sugar-coated tablets in marking the taste of the 
drug substance in the core tablets- Aa example of a pre^s-ceated tablet 
press in the teanesty Dryeota, Press -coated tablets also can be used to 
separate in compatible drug substance*; in addition, they can provide a 
means of giving an enteric coating to the core tablets. Both type* of mul- 
tiples mp res a ed tablets have been used widely in the design of pro- 
longed -action dosage lorm*. 

ContToll ed -Release- Tablets tCKT> — Compressed tablets can be 
formulated to release the drug slowly over a prolonged period of time . 
Hence, these dosage forms have been referred to as p*r>Uyngcd-reiettsz or 
sustained- r*leam dosage forma as well- These tablets fas well as capsule 
versions' can be categorized into three typew.- ( I i those that respond to 
some physiological condition to release the drug, such as enter 3 c coat- 
ings; (2? those that release the drag in a relatively steady, controlled 
manner; and *3) those that combine combinations of mechanisms tore- 
k>o^e pulses of drug, such a# repeat-action tablet*. The performance of 
these systems is described in more detail in Chapter 47. Other names 
for these types of tablet* can be: Extended Htffcu^e Sustained Release f 
Prolonged KWr<i.*, Defayed Release, an d in the case of pulsatile tablets, 
Repeat Action, Pitktatile Release or Ptrf&c Reteetxe. 

Tablet* for Solution CCTS)— Compressed tablets to be used for 
preparing solutions or imparting given characteristics to solution** must 
be labeled to indicate that ihey are not to be swallowed Examples of 
these tablets are Kalazone Tablets for Solution and r*otas9ium Per- 
manganate Tablets for Solution. 

Ejtferve*eemT«Nets — I n addition to the drug substance, these con- 
tain sodium bicarbonate and an organic acid such a* tartaric or citric. In 



the presence of water, these additives react, liberating carbon dioxide 
that acts as a disintegrator and produce* effervescence, ftxceptf for small 
qumUities of lubncants present, effervescent tablets are ^luble. 

Compre«sed Suppositories or Inserts— Occasional^ vaginal 
suppositories, *nch as Metronidazole tablets, are prepared by compres- 
sion. Tablets for this use usually contain lactase as the diluents In this 
case, as well as for any tablet intended for administration other than by 
swallowing, the iabei must indicate the manner in which it is to be used. 

Buccal and Sublingual Tablets— Then e are small, flat, oval 
tablets. Tablets intended for buccal (the space between the 3ip and guro 
in the mouth > admmistratKfn by inserting into Uie buccal pouch may 
dissolve or erode skm-ly; therefore, they are formulated and compres**ed 
with sufficient pressure to give a hard tablet. Progesterone tablets may- 
be administered in this way. Some newer approaches have employed 
materials thai act as bioadhes*ves to increase absorption of the dru#. 

Some other approaches use tablets that melt at body temperatures. 
The matrix of the tablet is soiidifled while the drug 1* LB solution. After 
melting, the drug is automatically in solution and available for abaorp- 
lion, thus eliminating dissolution as a rate-liraitm}; step in the absorp- 
tion of poorly soluble compounds. Sublingual tablets, such as tho^e con- 
taining nitroglycerin, isoproterenol hydrochloride, or ervthrityl 
tetraaitrate., are placed under the tongue. Sublingual tablets disisolve 
rapidly, and the drug substances are absorbed readiJy by thbf form of ad- 
ministration . 

MOLDED TABLETS OR TABLET TRITURATES (TTV-Tablei 

triturates usually are made from moist materia], using a triturate mold 
that gives them the shape of cut sections of a cylinder. Such tablets must 
be completely and rapidly soluble. The problem arising from compres- 
sion of these tablets is the failure to find a lubricant that is completely 
water-soluble. 

DiHpen*in# Tablets fDTWTnese tablets provide a convenient 
quantity of potent drug that can be incorporated readily into powders 
and liquids thus circumventing the necessity to weigh small quantities 
These tablets are supplied primarily as a convenience for extemporane- 
ous compounding and shoul d ne ver be dispensed as a dosage form. 

Hyp odenttte Tablets <HT> — Hypodermic tablets are soft, readily 
soluble tablets and originally were used for the preparation of solutions 
to be injected. Since stable parenteral solutions are now available for 
most drug substances, there is no justification for the use of hypodermic 
tablets for injection Their use in this manner should be discouraged, 
since the resulting solutions are not sterile. Large on untitles of these 
tablets continue to be made, but for oral administration. No hypodermic 
tablets ever have been recognized by the official compendia. 



For medicinal substances, with or without diluents, to be made 
into solid dosage forms with pressure, using available equip- 
meat, it is necessary that the material, either in crystalline or 
powdered form, possess a number of physical characteristics. 
These characteristics include the ability to flow freely, cane- 
siveness, and lubrication. The ingredients such as dis kite- 
grants designed to break the tablet up in gastrointestinal iOl) 
fluids and controlled-reiease polymers designed to slow drug re- 
lease ideally should possess these characteristics or not inter- 
fere with the desirable performance traits of the otiter excipi- 
ents. Since most materials have none or only some of these 
properties, methods of tablet formulation and preparation have 
been developed to impart these desirable characteristics to the 
material that is to be compressed into tablets. 

The basic mechanical unit in all tablet-compression equip- 
meat includes a lower punch that fits into a die from the bottom 
and an upper punch, with a head of the same shape and di- 
mensions, which enters the die cavity from the top after the 
tableting material Ells the die cavity (Fig 45-2). The tablet is 
formed by pressure appued on the punches and subsequently is 
ejected from the die. The weight of the tables is determined by 
the volume of the material that frtls the die cavity, Therefore, 
the ability of the granulation to flow freely into the die is im- 
portant in ensuring a uniform fitt, as well as the continuous 
movement of the granulation from the source of supply or feed 
hopper. If the tablet granulation does not possess cohesive 
properties^ the tablet after compression will crumble and fall 
apart on handling. As the punches must move freely within the 
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packaging machinery requires high slip to prevent binding and 
is important in farm— fill-seal operations, 

Bkwkmg—lhe tendency of two adjacent layers of film to stick 
together. This can create difficulties during manufacturing. 

Fatigue msist&Ttca, or the ability to withstand the imposition 
of repetitive short -time stress or deformation without cracking, 
is relevant in applications involving continual cyclical loading, 
such as toggle mechanisms, gear teeth of a pump, or peristaltic 
compression of IV tubing, 

Cr&ep failure occurs when a plastic is subjected to a constant 
static load; it deforms quickly and elastically (reversibiy) to a 
* predicted strain value and then continues to deform at a slower 
rate indefinitely. Rupture may eventually occur- Creep is both 
^temperature and time dependent. The design life of the pack- 
age thus plays a role, because both strength and stiffness may 
be time related. The loss of torque of a static bottle-closure sys- 
tem over time or deformation of plastic IV tubing under con- 
stant compression are examples. 

Other properties of plastics may affect their usage in a par- 
ticular application For example, law -temperature mechanical 
behavior ia important if a plastic is exposed to freezing temper- 
atures during its use, since the impact strength of certain plas- 
tics decreases in the frozen state. The density of plastics, which 
varies between O.S and 1.8 g/cm 3 . is an important property, 
since lower-density materials will produce more items per unit 
weight Additionally, the melting point, which may extend over 
a range of temperatures, is important for determining process^ 
ing temperatures, heat sterilizability, ability to hot-are a prod- 
uct, and heat-sealing characteristics. 

Additional mechanical properties are characteristic of com- 
ponent subsystems or of the entire package; 

Hot tack — the ability of a heat seal to remain intact as it 
cools down from its sealing temperature, thus preserving pack- 
age integrity. 

Abrashn and shock teat measures the interactive effects of 
abrasion and shock on a form -fill-seal package. 



Optical Properties 

Important optical properties in plastic packaging materials are: 
Ufikt transmission — the ratio of the intensity of a light source 

measured with the film interposed to the intensity without the 

film. It gives no indication of image distortion or blurring. 

Clarity — the degree of distortion of an object seen through 

the Sim, 

Haze — a measure of milkiness caused by light scattering by 
surface imperfections or Fdm inhomogeneities such as crystal- 
lites, voids, cross- linked materials, and undissolved additives. 
Haze obscures visibility for product inspection. 

Qlttss — measures specular reflection, or the reflectance of 
light as a mirror reflects. This parameter indicates the ability 
to produce a sharp image of any light source, giving rise to a 
pleasing sparkle of the film. 



Electrical Properties 

Electrical properties can be important, as for the dissipation of 
static charge in the operating room. This was previously of 
greater concern when ether was used more widely as an anes- 
thetic and poured from a bottle, resulting in a potential Ere haz- 
ard. More importantly, static electricity is a hazard to electronic 
equipment and devices. In addition, dirt and dust are attracted 
by static to the surface and increase the chance of contamination. 

PHYSICOCHEMICAL PROPERTIES 
Mass Transfer 

Many pharmaceutical preparations must be protected ade- 
quately from oxygen, water vapor, carbon dioxide, and other 



permeants- An effervescent tablet requires a barrier to mois- 
ture, for example t whereas an oil- based product must be pro- 
tected from oxygen-induced oxidation. Unlike glass, plastics 
are permeable. Barrier properties indicate permeability to wa- 
ter vapor, oxygen, carbon dioxide, etc. In addition, components 
of the product can permeate through the package. Examples in- 
clude stabilizing agents such as parabens or aatibacterials, fla- 
vor ant s t water vapor, and oils, 

Permeation through a plastic barrier depends on the compo- 
sition of the plastic, permeation area, thickness of the barrier 
partial pressure differential of the permeant across the barrier, 
and time. Pick's law of diffusion describes these phenomena 
mathematically. Permeation through a plastic also can be af- 
fected greatly by additives and the crystalline structure of the 
plastic. Specific additives, primarily plastici^ers, can increase 
the permeation rate greatly. Highly crystalline plastics such as 
polypropylene generally exhibit low water-permeation rates. An 
increase in the size (eg, diameter, molar volume) of a penetrant 
in a series of chemically similar penetrants generally leads to an 
increase in solubility and a decrease in diffusion coefficient. 
Since the permeability coefficient is related to the product- of 
these, its variation with penetrant size is often much iess^ 

As a guide, the approximate relative permeation rates for 
water vapor, oxygen, and carbon dioxide through the more com- 
monly used plastics in packaging are given in Table 54-1 3 More 
extensive compilations of permeation rates for a variety of mi- 
grating molecules can be found in the Poiymer Bandboitk* The 
total ingress of gas into a package can be divided into contribu- 
tions from the separate components, for example, permeation 
through the lid, bottfe, and outer protective overpouch and 
gross leakage through microscopic cracks and pinholes. This 
analysis can be performed kinetically to verify container in- 
tegrity or to resolve manufacturing problems, 6 

Chemical Attack 

Resistance to acids, alkalies, fats, solvents, water, and light are 
important if compatibility with these materials is required. 
Some plastics are incompatible with plastkizers used with FVC 
polymers, lipid emulsions, detergents, or antiseptic solutions. 
Iodine-containing liquids permanently stain many polyolefin 
compounds after a brief exposure. Absorption of the migrating 



Table 54-1. Permeability Rates of Selective Hastie 
Packaging Materials 
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11 
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From Modern Ptisttcs Encyclopedia, vol $4 h Kew York: M<G^w Hill. 1937, 
554. 



